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p pnnP Qc; pnP THg SYNTHESIS OF NUClEQglDE ANALQgggg 

The present invention is concerned with a process for the preparation of anti- 
viral 1,3-oxathiolane nucleosides, which employs an intramolecular 
glycosylation to produce exclusively the p-diastereomer. The invention also 
relates to novel intermediates obtained by the process. 

1 ,3-Oxathiolane nucleosides possess two chiral centres (at the CV- and C4'- 
positions according to the furanose numbering system) and typically exist as 
diastereomeric pairs of the a- and p-forms, each form comprising two 
enantiomers. The a- and p-diastereolsomers tend to have different anti-viral 
activities, the p-form typically being the more potent. Similarly, the 
enantiomeric pairs of each diastereomer tend to have different properties. 

p-Dlastereomers have traditionally been obtained by preparation of the 
diastereomeric mixture followed by laborious separation of the p-1orm by 
physical means such as differential solubility or chromatography. It follows 
that the overall yield of p-isomer is typically less than 50%. 

International Patent Application No. W091/11186 describes a process 
whereby 1,3-oxathiolane nucleosides may be obtained with high p- 
diastereoselectivity by condensing a carbohydrate or carbohydrate-like 
moiety with a heterocyclic base in the presence of a specific Lewis acid, 
typically stannic chloride. The process is further exemplified in International 
Patent Application No. W092/14743. 

Further diastereoselective processes for the preparation of nucleoside 
analogues involving condensation of a carbohydrate or tike moiety with a 
purine or pyrimidine base are described in WO92/20669 and W095/29174. 

We have now developed an efficient new process which provides exclusively 
the p-diastereomer of a 1 .3-oxathiolane pyrimidine nucleoside with no a- 
contamination. The critical steps involved in the synthesis are cyclisation of 
an appropriate heterocyclic acetaldehyde with 1 ,4-dithiane-2,5-diol to give a 
"S'-tethered" 1 ,3-oxathiolane nucleoside analogue which then undergoes an 
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intramolecular glycx)sylation on the same face of the carbohydrate ring to 
give exclusively the (V-tethered) p-diastereomer. The Intramolecular 
glycosylaJion of 5'-tethered furanose nucleosides is known from, inter alia, 
Japanese Patent No. 06263792-A, but the prior art comprises no reports of 
applying such methodology to the preparation of anti-viral 1 ,3-oxathiolane 
nucleosides. The resulting p-diastereomer may be hydrolysed to the 
corresponding cytidine analogue or may be resolved by any suitable 
technique known to a skilled person, for example, by esterification followed 
by selective enzymatic hydrolysis, removal of the 'unwanted' enantiomer and 
hydrolysis of the ester of desired enantiomeric configuration. Alternatively, it 
may be possible, for example, by use of a chiral auxiliary, to obtain 
Intermediates substantially enantiomerically pure which intermediates can be 
carried forward to yield the desired enantiomerically pure product. 

According to one aspect of the present invention, there is provided a process 
for the preparation of compounds of formula (I) 




wherein R is hydrogen, Ci.6 alkyi, or halogen and Y is hydroxy, amino, Ci_6 
alkoxy or 0R\ where is a chiral auxiliary, which process comprises 
treating a compound of formula (H) 
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wherein R and Y are as hereinbefore defined and represents hydrogen, 
Ci^acyl, Ci^alkyl or halogen with a suitable Lewis acid or a reagent apt to 
convert the group OR^to a leaving group. 

Suitable Lewis adds include, for example, stannic chloride or trimethylsilyl 
triftate. Reaction with a Lewis acid Is suitably conducted at reduced 
temperature (e.g. O^'C to -20X) in a polar aprotic solvent followed by 
treatment with base. 

Where R^ is H» the group OR^ may conveniently be converted to a leaving 
group by reaction with a halogenating agent such as a thionyl halide or an 
oxalyl halide, or a tosyl or mesyl halide. Other methods for converting OR^to 
a leaving group (i.e. a group which can be readily displaced by the ring 
nitrogen atom) will be apparent to those skilled in the art. 

It is to be understood that where the variable R occurs more than once in a 
general formula, it may represent the same group at each position, or 
different groups. 

As used herein halogen means bromine, chlorine, fluorine or iodine, 
especially chlorine or fluorine, more especially fluorine. 

The term "chiral auxiliary" describes an asymmetric molecule that is used to 
effect the chemical resolution of a racemic mixture. Such chiral auxilliaries 
may possess one chiral centre such as a-methylbenzytamine or several chiral 
centres such as menthol. The purpose of the chiral auxiliary, once built into 
the starting material, is to allow simple separation of the resulting 
diastereomeric mixture. See, for example, J Jacques et al., Enantiomers. 
Racemates and Resolutions , pp. 251-369, John Wiley & Sons, New York 
(1981). 

Where R' represents a chiral auxiliary it will preferably be selected from (d)- 
menthyl, (l)-menthyl, (d)-8-phenylmenthyl, (l)-B-phenylmenthyl, (+)- 
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norephedrine and (-)-norephedrine. More prelerably is (l)-menthyl, or (d)- 
menthyl, most preferably (t)-menthyl. 

According to a further aspect, the present invention provides a process for 
the preparation of a compound of fonnula (la) 




(la) 



wherein R and Y are as previously defined, which process comprises treating 
a compound of formula (Ila) 




wherein R. Y and R^ are as previously defined with a suitable Lewis acid or a 
reagent apt to convert the group OR^to a leaving group. 

According to another aspect of the invention, there is provided a process for 
the preparation of compounds of formula (II) which comprises reacting a 
compound of formula (III) 
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wherein R and Y are as hereinbefore defined, with 1 ,4-dithiane-2,5-diol at 
elevated temperature (e.g. 100*'C) in a non-polar aprotic solvent to give a 
compound of fomnula (I!) wherein is H. Compounds of formula (II) wherein 
R^ is other than H may be prepared from the corresponding hydroxy 
compound by derivatisation using any standard procedure, for example, 
treatment with alkanoyi halide/base or carboxylic anhydride/base. 

Reaction of a compound of formula (III) with l,4-dithiane-2,5-dlol results in a 
mixture of isomers of the compounds of formula (II) wherein is H. Where Y 
is OR\ the compounds of formula (lla) may be selectively crystalized from the 
diastereomeric mixture. In a further or alternative aspect, the present 
invention accordingly provides a method for obtaining the compound of 
formula (lla) wherein R is H and Y is OR' from a mixture of isomers by 
treatment of the mixture of isomers, at least partially in solution, with an agent 
capable of effecting interconversion of the isomers without complete 
suppression of the crystallisation of the desired single enantiomer (lla) 
wherein R is H and Y is ORV Other compounds of formula (lla) may be 
prepared from compounds of fomnula (lla) wherein R is H and Y is OR^ by 
conventional methods. 

Agents capable of effecting interconversion of the isomers without complete 
suppression of the crystallisation of the trans isomers include, for example, 
alcohols, such as. for example, methanol, ethanol, n-propanol, i-propanol, n- 
butanol, i-butanol. t-butanol, and organic bases, in particular tertiary amines, 
for example, pyridine and triethylamine and Hunig*s base. A preferred agent 
is triethylamine. 

The interconversion of isomers may be effected in any suitable solvent or 
mixture of solvents which does not othenwise react with the alcohols of 
formula (II), under conditions of concentration and temperature which permit 
crystallisation of the desired isomer or isomers and which do not cause 
significant degradation of the desired isomer or isomers. SuitabI solvents 
may include for example, aliphatic or aromatic hydrocarbons, ethers, esters 
and chlorinated hydrocartx)ns. The interconversion will preferably be effected 
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at a temperature of about -20^ to 120"C, more preferably in the range o1 
about -10** to 80**C. such as about 0** to SO'C- 

it will be appreciated by those skilled in the art that selection of solvent, 
temperature, interconversion agent and, particularly, the quantity of the 
interconversion agent is best conducted as an integrated exercise dependent 
on the nature of the groups R, and R' present in the isomers. However, 
when an organic base is used as the interconversion agent, the preferred 
quantity is generally less than two mole-equivalents based on the total of all 
isomers of (II) present. 

The interconversion of isomers may be conducted separately from the 
preparation of the isomeric mixture; however, it is conveniently conducted 
concomitantly vinth that preparation. 

The interconversion procedure may also be used to increase the isomeric 
purity of isolated (lla). 

By means of the interconversion process, the isolated yield of the desired 
isomer (lla) may be enhanced to greater than 50% of theory (based on 
formation of all stereoisomers), typically to between about 60% and about 
90% of theory; but it is not ruled out that yields approaching 100% of theory 
may be obtained. 

Compounds of formula (III) may be prepared by reacting a compound of 
formula (IV) 



Y 




OR 



Wherein R (which may be the same or different) and Y are as hereinbefore 
defined, with aqueous trifluoroacetic acid (90%) at elevated temperature. 
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Compounds of formula (IV) may be prepared by reacting a compound of 
formula (V) 




(V) 



wherein R and Y are as hereinbefore defined and 2 is a suitable leaving 
group, for example, chlorine, with a compound of formula (VI) 

^ ^OR 
^OR 



wherein R (which may be the same or different) are as hereinbefore defined, 
at reduced temperature in a polar aprotic solvent in the presence of base. 

Compounds of formula (V) may be prepared by reacting a compound of 
formula (VII) 



z 




(V!t) 



wherein R and Z (which may be the same or different) are as hereinbefore 
defined, with a suitable nucleophile, for example, in the case where Y in the 
compound of formula (V) is to be ethoxy. EtO" (NaOEVEtOH). 

Compounds of formulae (VI) and (VII) may be obtained commercially or 
prepared from commerdaliy available starting materials by methods known 
to a skilled p rson, for example, in the case where R in the compound of 
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formula (VII) is to be fluorine and 2 chlorine, by treating 5-fluorouracll with 
phosphorus oxychloride at elevated temperature in the presence of base. 

As indicated, compounds of fonnula (I) wherein Y at the C4-position is C^-e 
alkoxy or OR^ may be converted to a cytidine analogue (Y«NH2) by heating 
with ammoniacal methanol or, where racemic, may be resolved by any 
suitable technique known to a skilled person, for example, by one of the 
enzyme procedures described in International Patent No. W092/14743. 

According to such a procedure, the racemic p-diastereomer (I) is esterified at 
the C5'-position using, for example, butyric anhydride, and the racemic ester 
(Vlll) is treated with a suitable enzyme, typically pig liver esterase, to 
preferentially hydrolyse the 'unwanted' enantiomer back to the 5'-OH 
compound (IX) which is water-soluble and can be separated from the desired 
(unhydrotysed) enantiomer (X). The latter is converted to the 4-NH2, 5'-OH 
compound of desired enantiomeric configuration by heating with ammoniacal 
methanol. 



RCOi 




COR 



(VIII) (IX) (X) 



The process of the invention finds particular application in the preparation of 
(2R,5S)-5-fluoro-1-t2-(hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine. (2R,5S)- 
1 -[2-(hydroxymethyl)-1 ,3-oxathiolan-5-yi]cytosine, (±)-cis-5-f luoro-1 -[2- 
(hydroxymethyl)-l ,3-oxathiolan-5-yll-cytosine and (±)-cis-1 -[2- 

(hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine. 

According to a further aspect of the invention, there are provided novel 
compounds of formulae (IV), (III), (II) and (I) (which latter includes the 
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racemate, the (2S,5R)-enantiomer (IX), the esterified racemate (Vlll) and the 
esterified (2R,5S)-8nantionrier (X)). Specific intermediate compounds arising 
from the preparation of (2R,5S)-5-fluoro-1-I2-(hydroxymethyl)-1,3-oxathiolan- 
5-yl]cytosine, {2R,5S)-1-I2-(hydroxymethyl)-1 ,3-oxathiolan-5-yl]cytosine, (±)- 
cls-5-fluoro-1-[2-(hydroxymethyl)-1 ,3-oxathlolan-5-yl]-cytosine and (±)-cis-1- 
[2-(hydroxymethyi)-1 ,3-oxathiolan-5-yl]cytosine include: 

2-(2,2-Dimethoxyethoxy)-4-ethoxy-5-fluoropyrimldtne 

2-(2,2-Dimethoxyethoxy)-4-ethoxypyrimidine 

2-[(4-Ethoxy-5-ftuoro-2-pyrimidlnyl)oxy)acetatdehyde 

2-[(4-Ethoxy-2-pyrimidinyl)oxy]acetaldehyde 

2-{[(4-Ethoxy-5-fluoro-2-pyrimidinyl)oxy]methyi}-1,3-oxathiolan-5-oi 

2-{[(4-Ethoxy-2-pyrimidinyl)oxy]methyl}-1,3-oxathiolan-5-ol 

2-{[(4-Ethoxy-5-fluoro-2-pyrimidinyl)oxy]methyl}-1,3-oxathiolan-5-yl acetate 

2-{[{4-Ethoxy-2-pyrimidinyl)oxy]methyl}-1 .3-oxathiolan-5-yl acetate 

(2S*,5R*)-4-Ethoxy-5-fluoro-1-[2-{hydroxymethyl)-1,3-oxathlolan-5- 

yIlpyrimidin-2-one 

(2S*, 5R>4-Ethoxy-1-(2-(hydroxymethyl)-1,3-oxathiolan-5-yl]pyrimidin-2-one 
(2S*, 5R*)-4-Ethoxy-5-fluoro-1 -[2-{propionyloxymethyI)-1 ,3-oxathiolan-5- 
yl]pyrimidin-2-one 

(2S*, 5R*)-4-Ethoxy-1-[2-{proplonyloxymethyl)-1,3-oxathiolan-5-yIlpyrimidin- 
2-one 

(2S, 5R)-4-Ethoxy-5-fluoro-1-[2-(hydroxymethyl)-1,3-oxathiolan-5- 
yl]pyrimidin-2-one 

(2S, 5R)-4-Ethoxy-1-[2-(hydroxymethyl)-1,3-oxathiolan-5-ylJpyrimidin-2-one 
(2R, 6S)-4-Ethoxy-5-fluaro-1 -[2-(propionytoxymethyl)-1 ,3-oxathiolan-5- 
yl]pyrimid(n-2-one 

(2R, 5S)-4-Ethoxy-1-I2-(propionyloxymethyl)-1,3-oxathiolan-5-yl]pyrimidin-2- 
one 

The following examples of the process of the invention are for illustration only 
and are not intended to limit the scope of the invention in any way. In all 
cases. "^H NMR and C,H,N eiementai analysis were consistent with the 
proposed structure. 



wo 96/30369 PCT/EP96/013S3 

10 



Example 1 

Prpparalion of f2R.5SV5>fluorD-1 - [PWhvdroxvmethvlVl .3-oxathiolan-5- 
vl]cvtosine 

(a) 2,4-DichlQfo-5-fluQrQDvrimidine 

To a suspension of 5-fluorouradl (Aldrich, 8.00 g, 61.5 mmol) in 
phosphorus oxychloride (25.0 mL, 41.12 g, 268 mnnol) was added N,N- 
diethylaniline (12.6 mL, 11.81 g, 80 mmol) and the mixture was heated 
at 100*C lor 1.5 hours. Solvent was evaporated in vacuo and the 
residue poured into cold H2O/Et20 (400 mL. 1:1). The aqueous 
phase was extracted with Et20 and the combined organic phase was 
dried {Na2S04) and evaporated (water aspirator pump, 35**C) to give 
the desired product (10.2 g, 99%) as a yellowish solid: mp 34-38**C (lit. 
35-36<*C). 

(b) 2-ChiQro-4-eth nYv.5-tiuQrQDvrimidine 

To a solution of the product from step (a) (10.0 g, 59.9 mmol) in abs. 
EtOH (40 mL) at 0°C under nitrogen atmosphere was added 1M 
NaOEVEtOH (61 mU 61 mmol) and the mixture was stirred for 1 hour. 
Solvent was evaporated in vacuo and the residue partitioned between 
H2O and Et20. The aqueous phase was extracted with Et20 and the 
combined organic phase was washed with brine, dried (Na2S04) and 
evaporated (water aspirator pump, 35**C) to provide the desired 
product (8.74 g, 83%) as a yellowish solid: mp 30-32°C (lit. 31-32*^0); 
iH NMR (CDCia): 6 1.46 (t. J = 7.0 Hz. 3H), 4.53 (quartet. J = 7 Hz, 
2H), 8.17 (d, J = 2.1 Hz, 1H); MS m/^ 1 79 (M + 3. 17%). 177 (M + 1 , 
50%). 149 (100%). Anal, Calcd. for C6H6CIFN2O: C, 40.81; H, 3.42; 
N, 15.86. Found, C. 40.90; H. 3.45: N, 15.81. 



(c) 2W2.2-DimethoxvethoxvV4 -flthoxv-5-fiuoroDvnmidine 
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To a suspension of 60% NaH/mineral oil (2.88 g, 72.2 mmol) in 
anhydrous DMF (70 mL) at O'^C under nitrogen atmosphere was slowly 
added glycolaldehyde dimethyl acetal (Lancaster, 6.13 g, 57.7 mmol). 
The mixture was stirred at ambient temperature for 1 hour and then 
transferred to a solution of the product from step (b) (8.5 g. 48.1 mmol) 
in anhydrous DMF (70 mL) at -55*C over 16 minutes. The mixture was 
allowed to warm to -20*0 over 2 hours and then neutralized with 
AcOH. Solvent was evaporated in vacuo and the residue partitioned 
between H2O and CH2CI2. The aqueous phase was extracted with 
CH2CI2 and the combined organic phase was dried (Na2S04) and 
evaporated. The residue was flash chromatographed 
(EtOAc/hexanes, 1:5) to give the desired product (9.75 g, 82%) as an 
oil: 1H NMR (CDCI3): 5 1.42 (t, J = 7.0 Hz, 3H), 3.43 (s, 6H). 4.32 (d, 
J = 5.2 Hz, 2H). 4.50 (quartet, J = 7.0 Hz, 2H), 4.76 (t, J = 5.2 Hz. 1 H), 
8.03 (d. J = 2.4 Hz, 1H): MS 215 (M - OCH3. 100%). Anal. Calcd. 
for C10H15FN2O4: C. 48.78; H. 6.14; N. 11.38. Found: C. 48,84; H, 
6.06; N, 11,36. 

(d) 2-[f4-Ethoxv-5- fUiorQ-2-pvrimiriinvhoxvlacetaldehvde 

A mixture of the product from step (c) (6.0 g. 24.4 mmol) and 90% 
TFA/H2O (50 ml) was heated at 50**C for 2.5 hours. Solvent was 
evaporated in vacuo and the residue partitioned between CHCI3 and 
saturated NaHC03/H20. The aqueous phase was extracted with 
CHCI3 (x2) and the combined extracts dried (Na2S04) and evaporated 
to give the desired product (4.82 g, 99%) as a colourless oil which was 
used in the next step without further purification. Flash 
chromatography (EtOAc/hexanes, 1:2) gave analytically pure material 
as a colourless oil: ''H NMR (CDCI3): 5 1.43 (t, J - 7.0 Hz. 3H). 4.40 
(quartet. J = 7.0 Hz, 2H). 4.81 (s, 2H). 8.03 (d, J = 1 .8 Hz. 1 H). 9.74 (s. 
1H); MS rrvir 201 (M + 1, 100%). Anal. Calcd. for C8H9FN2O3-0.25 
H2O: C. 46.95: H, 4.68; N, 13.69. Found: C, 46.81 ; H, 4.61 ; N. 13.64. 

(e) 2-ff(4-Ethoxv-5-fluorO'2'Ovrimid(nvhoxvlmethvn-1.3- oxathiQlan-5-ol 



12 



PCT/EP96/01353 



A mixture of the product from step (d) (4.6 g, 23.0 mmol) and 1,4- 
di1hiane-2.5-diol (Aldrich. 1.92 g, 12.65 mmol) in anhydrous toluene 
(90 mL) was heated at 100*^0 for 2 hours. The mixture was filtered and 
the filtrate was concentrated and dried in vacuo to give the desired 
product (6.27 g, 99%) as a waxy pale yellow solid which was used in 
the next step without further purification (-1 :1 diastereomeric ratio by 
"*H NMR spectroscopy). Flash chromatography (EtOAc/hexanes, 1:2) 
afforded analytically pure material as a white solid: mp 85-87°C; 
NMR (CDCI3): 6 1.41 (t, J = 7.0 Hz, 3H). 2.42 (br s, 1H), 3.10 (d. J =: 
11.0 Hz. 1H), 3.20 (dd.J =11.0, 3.5 Hz, 1H). 4.40 (dd, J = 12.0, 3.5 
Hz, 1.H). 4.43 (quartet. J = 7.0 Hz. 2H), 4.77 (dd, J - 12.0, 7.0 Hz, 1 H). 
5.70 (dd, J = 7.0, 3.5 Hz, 2H), 5.92 (d, J = 3.5 Hz, 1 H). 8.04 (d, J « 2.5 
Hz, 1H); a similar set of signals appeared for the other diastereomer; 
MS 201 (M - C2H3OS. 100%). Anal. Calcd. for C-10H13FN2O4S: 
C, 43.47; H, 4.74; N, 10.14; S, 11.61. Found: C. 43.56; H. 4.78; N, 
10.04:11.66. 

(f) 2-<rf4-Ethoxv-5-fluoro-2-Dvrimidinvnoxv1methvlM.3>oxathiQlan-5-vl 

To a solution of the product from step (e) (1.0 g, 3.62 mmol) and 
pyridine (0.8 mL, 0.78 g, 9.88 mmol) In CH2CI2 (12 mL) at O'^C was 
added AcCI (0.35 mL, 0.37 g, 4.7 mmol). After 1 hour at ambient 
temperature, saturated NaHC03/H20 was added and the aqueous 
phase was extracted with CHCI3. The comt)ined organic phase was 
washed with brine, dried (Na2S04), evaporated and dried in vacuo 
to give the desired product (1.13 g, 99%) as a yellow oil which was 
used in the next step without further purification (-2:1 diastereomeric 
ratio by ''h NMR spectroscopy). Flash chromatography 
(acetone/CH2Cl2, 1 :24) gave analytically pure material as a colourless 
oil: 1 H NMR (CDCI3): 5 1 ,42 (t, J = 7.0 Hz, 3H), 2.07 (s, 3H), 3.1 5 (d, J 
= 1 1 .5 Hz, 1 H), 3.38 (dd, J = 1 1 .5, 4.0 Hz, 1 H), 4.40-4.60 (m. 4H). 5.73 
(m. 1H), 6.70 (d, J = 4.0 Hz, 1H), 8.03 (d, J = 2.5 Hz, 1H); a similar set 
of signals appeared lor the minor diastereomer; MS m/z 259 (M - OAc, 
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9%), 159 (100%). Anal. Calcd. for C12H15FN2O5S: C, 45.28: H. 4.75: 
N, 8.80; S. 10.07. Found: C. 45.35; H, 4.76; N, 8.83; S, 10.11. 



(g) f2SV5RM-4>Eth oxv-5-fluoro-1>r2-fhvdroxvmethvlV1.3.oxathiotan-5- 
vl ]pvrimidin-2-on9 

To a mixture of the product from step (f) (0.21 g, 0.66 mmol) and 4A 
molecular sieves (0.3 g) in anhydrous CH3CN (20 mL) at -20^C under 
nitrogen atmosphere was slowly added trimethylsiiyi Inflate (Aldrich, 
0.14 mL, 0.16 g, 0.73 mmol). After stirring the mixture for 2 hours at - 
20°C, 1M NaOH/H20 (2.0 mL, 2.0 mmol) was added. After 2 hours at 
O^'C, the mixture was neutralized with AcOH. Solvent was evaporated 
In vacuo and the residue flash chromatographed (EtOAc/hexanes. 9:1) 
to give the desired product (0.11 g. 60%) as a white solid: mp 162- 
164«C: 1H NMR (DMSOde): 6 1.39 (t, J = 7.0 Hz, 3H). 3.29 (dd, J = 
12.0, 2.7 Hz. 1H), 3.60 (dd. J = 12.0, 5.4 Hz, 1H), 3.82 (ddd, J = 12.5, 
5.4. 3.5 Hz, 1H), 3.95 (ddd. J = 12,5. 5.4. 3.5 Hz, 1H). 4.45 (quartet, J 
= 7.0 Hz, 2H), 5.31 (t, J = 3.5 Hz, 1H), 5.63 (t, J « 5.4 Hz, 1 H). 6.20 (m, 
1H), 8.74 (d. J = 6.7 Hz, 1H); MS 277 (M + 1, 4%), 159 (100%). 
Anal. Calcd. for C10H13FN2O4S: C, 43.47; H, 4.74; N, 10.14; S, 
1 1 .61 . Found: C, 43.54; H, 4.76; N, 10.18; S. 1 1.52. 



(h) {2S*.5R*M-Ethoxv-5-fluoro-1-(2Wpropionvloxvmethvn-1.3-oxathiolan- 
pvrimidin-2-one 

To a solution of the product from step (g) (90 mg) In pyridine (0.2 mL) 
was added butyric anhydride (1.0 mL) and the resulting mixture was 
stirred at ambient temperature for 18 hours. Ice-water was added and 
the aqueous solution was adjusted to pH 2 with IN HCI/H2O and 
extracted with CHCI3 (x3). The combined organic phase was washed 
with saturated NaHC03/H20 and brine, dried (Na2S04) and 
concentrated in vacuo. The resulting oil was dried in vacuo at 50'^C for 
18 hours under a stream 0I nitrogen to obtain the desired product (100 
mg) as a colourless solid: 1h NMR (CDCI3): 5 0.99 (t, 3H), 1.42 (t. 
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3H), 170 (sextuplet, 2H). 2.42 {t. 2H), 3.23 (d, 1H), 3.60 (dd, 1H), 4.45 
(dd, 1H}. 4.50 (quartet, 2H), 4.65 (dd, 1H), 5.40 (m, 1H), 6.30 (m. 1H), 
8.15 (d. 1H}; MS m/z 347 (M + 1. 25%), 159 (100%). 

(i) rpR.5SV4-Ethoxv-5-fluoro-1 -fg-^nrQDionvloxvm9thvlV1-3-oxathiolan-5- 
yi] pyfimidin-2-one 

To a solution of the product from step (h) (10 mg) in 20% 
CHaCN/bufler (3.0 mU 0.05 M. pH 8.0, phosphate) was added 
PLE (pig liver esterase, 1.5 |iL, Sigma) and the mixture was stirred at 
ambient temperature for 24 hours. The aqueous solution was 
extracted with hexane (x2) and the combined extracts were dried 
(Na2S04) and concentrated in vacuo. HPLC analysis (Chlral Pack 
AS; EtOH; 1 .5 ml/min) of the organic extracts indicated the presence o1 
a single enantiomeric butyrate ester (4 mg). The enantiomeric alcohol 
was detected in the aqueous phase. Ester: NMR {CDCI3): 6 0.97 
(t, J = 7.4 Hz. 3H), 1.42 (t, J = 7.0 Hz. 3H). 1.67 (sextuplet, J = 7,4 Hz. 
2H), 2.40 (t. J = 7.4 Hz, 2H). 3.23 (d, J = 12.8 Hz. 1H). 3.60 (dd. J - 
12.8, 5.3 Hz. 1H). 4.46 (dd, J = 12.6, 2.5 Hz, 1H), 4.52 (quartet, J = 7.0 
Hz. 2H). 4.65 (dd, J = 12,6, 4.0 Hz, 1H). 5.37 (m, 1H), 6.29 (m, IH), 
8.12(d. J = 6Hz. 1H). 

(j) <gR.5SV5-FluQro-1-r2-fhvdroxvmethvh-1.a -Qxathiolan-5-vncvtosine 

A solution of the ester from step (i) (4 mg) in NHa/MeOH (2 mL) was 
placed in a steel bomb with a teflon liner, sealed and heated at 70°C 
for 18 hours. Solvent was evaporated in vacuo to provide the desired 
product (2 mg) with HPLC. ^H NMR and MS properties identical to 
those of an authentic sample. 

Example 2 

Preparation of f2R.5SV1-f2-fhvdroxvme thvlV1 .3-Qxathiolan-5-vncvtosine 



(a) P>nhloro>4-ethoxvDvrimidine 
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To a solution of 2,4-dichloropyrimidine (Aldrich. 10.0 g. 67.12 mmol) In 
abs. EtOH (120 mL) at -3°C under nitrogen atmosphere was slowly 
added (over 2 hours) 1M NaOEt/EtOH (68 mL, 68 mmol) and the 
resulting mixture stirred for 1 hour. Solvent was evaporated in vacuo 
and the residue partitioned between H2O and Et20. The aqueous 
phase was extracted with Et20 and the combined organic phase was 
washed with brine, dried (Na2S04) and evaporated (water aspirator 
pump, 35°C). The resulting residue was filtered and washed with 
petroleum ether to provide the desired product (8.05 g, 75%) as a 
yellowish solid: mp30-3rC (fit. 35''C); NMR (CDCts): 5 1.40 (t, J = 
7.2 Hz, 3H), 4.44 (quartet, J = 7.2 Hz, 2H), 6.62 (d. J = 5.7 Hz, 1H). 
8.27 (d, J = 5.7 Hz, 1 H); MS m/i? 161 (M + 3, 34%), 159 (M + 1 , 100%). 
Anal. Calcd. for C6H7CIN2O: C. 45.44: H, 4.45; N. 17.66; CI, 22.36. 
Found: C, 45.32; H, 4.41 ; N, 17.60; CI, 22.43. 

(b) 2>f2.2-DimethoxvethoxvV4-6thoxvDvrimidine 

To a suspension of 60% NaH/mineral oil (2.55 g, 63.96 mmol) in 
anhydrous DMF (70 mL) at O^'C under nitrogen atmosphere was slowly 
added glycotatdehyde dimethyl acetal (Aldrich, 5.65 g. 53.3 mmol). 
The mixture was stirred at ambient temperature for 1 hour and then 
transferred to a solution of the product from step (a) (8.05 g, 50.76 
mmol) in anhydrous DMF (70 mL) at -55*'C over 15 minutes. The 
mixture was allowed to warm to -20°C over 2 hours and then 
neutralized with AcOH. Solvent was evaporated in vacuo and the 
residue partitioned between H2O and CH2CI2. The aqueous phase 
was extracted with CH2CI2 and the combined organic phase was dried 
{Na2S04) and evaporated in vacuo. The residue was flash 
chromatographed (EtOAc/hexanes, 1:4) to give the desired product 
(7.92 g, 69%) as a colourless oil: ^H NMR (CDCI3): 5 1.37 (t. J = 7.0 
Hz, 3H), 3.44 (s, 6H), 4.36-4.43 (m, 4H), 4.78 (t, J = 5.0 Hz, 1H), 6.34 
(d. J = 6.0 Hz, 1 H), 8.15 (d, J = 6.0 Hz, 1 H); MS m/z 229 (M = 1 , 13%), 
197 (100%). Anal Calcd. for CioHi6N204- 52.62; H, 7.07; N, 
12.27. Found: C, 52.45; H, 7.01; N, 12.26. 
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(c) P-fM-Ethoxv-2- nvrimidinvnoxv1ac9taldehvci9 

A mixture o1 the product from step (b) (6.0 g, 24.4 mmol) and 90% 
TFA/H2O (45 ml) was heated at SC'C for 2 hours. Solvent was 
evaporated in vacuo and the residue partitioned between CHCI3 and 
saturated NaHC03/H20. The aqueous phase was extracted with 
CHCI3 (x2) and the combined extracts were dried (Na2S04), and 
evaporated in vacuo to give the desired product (4.48 g, 94%) as a 
colourless oil: ""H NMR (CDCI3): 5 1.38 (t, J = 7.0 Hz, 3H), 4.37 
(quartet. J = 7.0 Hz, 2H). 4.80 (s, 2H), 6.40 (d, J = 6.0 Hz. 1 H). 8.1 5 (d, 
J = 6.0 Hz. 1H). 9.74 (s, 1H); MS /Tvi 183 (M + 1 , 100%). Anal. Calcd. 
tor C9HioN203*0.25 H2O: C. 51.47; H. 5.67: N. 15.01. Found: C, 
51.38: H, 5.69; N, 14.76. 

(d) 2-ff(4-Ethoxv-2-Dvrimidinvl\oxvlmethv l}-1 -a>Qxathlolan-5-ol 

A mixture of the product from step (c) (4.0 g, 22.0 mmol) and 1.4- 
dithiane-2.5-diol (Aldrich, 1.67 g. 11.0 mmol) in anhydrous toluene (80 
mL) was heated at 100X tor 2 hours. The mixture was filtered and 
the filtrate concentrated and dried in vacuo to give the desired 
product (6.27 g. 99%) as a waxy pale yellow oil which was used in the 
next step wrthout further purification (-1 :1 diastereomeric ratio by H 
NMR spectroscopy). Flash chromatography (EtOAc/hexanes, 2:3) 
gave analytically pure material as a colourless oil: ^ H NMR (CDCI3): 6 
1.37 (t. J = 7.0 Hz. 3H), 3.07 (d. J = 11.0 Hz. 1H), 3.18 (d, J = 2.3 Hz. 
1H). 3.26 (dm, J = 11.0 Hz. 1H). 4.38-4.58 (m, 3H), 4.85 (dd, J = 12.0. 
6.0 Hz. 1H). 5.72 (dd, J = 6.0, 4.5 Hz. 1H), 5.92 (m. 1H). 6.39 (d. J = 
6.0 Hz, 1H). 8.15 (d. J = 6.0 Hz. 1H); a similar set of signals appeared 
for the other diastereomer; MS m/z 197 (M - C2H5O. 41%). 133 (100%). 
Anal. Calcd. for CioH«N204S: C. 46.50; H. 5.46; N, 10.85; S. 12.41. 
Found: C, 46.40; H. 5.44; N, 10.79; S. 12.49, 

(e) 2-([f4-EthQxv-2-Dvrimidinvnnxv1methv lM -3-oxathiolan-5-vl acetate 
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A mixture of the product from step (d) {1.0 g, 3.9 mmol). pyridine (0.7 
mU 0.68 g. 8.65 mmol) and AC2O (2.0 mL, 2.26 9, 21.2 mmol) was 
stirred at ambient temperature for 1 .5 hours. Ice-water was added and 
the resulting mixture stirred for 15 minutes. The mixture was extracted 
with EtOAc and the combined extracts washed with saturated 
NaHC03/H20, dried {Na2S04), evaporated and dried in vacuo to 
give the desired product (1.15 g. 99%) as an orange oil which was 
used in the next step vwthout further purification (-2:1 diastereomeric 
ratio by NMR spectroscopy). ^ H NMR {CDCI3): 5 1.40 (t. 3H). 2.05 
(s, 3H). 3.08 (d, 1H). 3.27 (dd. 1H), 4.40-4.70 (m. 4H). 5.79 (m, 1H), 
6.38 (d, 1H), 6.75 (d. 1H). 8.18 (d, 1H); a similar set of signals 
appeared for the minor diastereomer; MS m/z 241 (M - OAc, 4%), 141 
(100%). Anal. Calcd. for C^HieNaOsS: C. 47.99; H, 5.37; N, 9.33; S, 
10.68. Found; C, 47.88; H, 5.43; N, 9.22; S, 10.60 . 

(f) (2S*.5Rn-4-Ethoxv-1-[2>(hvdrQxvmethvh-1.3>oxathiolan- 5-vllovrimidin- 
2-one 

To a solution of the product from step (e) (0.20 g, 0.66 mmol) in 
anhydrous CH3CN (12 mL) at OX under nitrogen atmosphere Vkrais 
slowly added stannic chloride (Aldrich, 0.12 mL, 0.27 g, 1.05 mmol). 
After stirring for 2 hours at 0*^0, 1 M NaOH/H20 (5.5 ml, 5.5 mmol) 
was added. After 1 hour at 0°C, the mixture was neutralized with 
AcOH. Solvent was evaporated in vacuo and the residue partitioned 
between CHCI3 and water. The aqueous phase was extracted vnth 
CHCI3 (x2) and the combined extracts were dried (Na2S04) and 
concentrated in vacuo. The residue was flash chromatographed 
(EtOAc/hexanes, 2:1 . then EtOAc) to give the desired product (0.10 g, 
60%) as a white solid: mp 117-11 8*»C; 1 H NMR (DMSO-d^): 5 1 .26 (t, J 
= 7.0 Hz, 3H), 3.15 (dd, J = 12.0. 3,5 Hz, 1H). 3.51 (dd. J = 12.0. 5.5 
Hz, 1H), 3.71-3.84 (m, 2H). 4.26 (quartet. J = 7.0 Hz. 2H), 5.22 (t J = 
4.0 Hz. 1 H), 5.40 (t. J = 6.0 Hz. 1 H). 6.0 (d. J = 7.4 Hz, 1 H). 6.1 8 (dd. J 
= 5.5. 3.5 Hz. 1H). 8.25 (d. J = 7.4 Hz. 1H); MS m/z 259 (M+1, 4%), 
141 (100%). Anal. Calcd. for C10H14N2O4S: C, 46.50; H. 5.46; N, 
10.85; S, 12.41. Found: C. 46.58; H, 5.49; N. 10.84; S. 12.34. 
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(g) f2SV5R*V4-EthQyv-1-r2-fDrop innvtQXvm8thvlV1 .3-OXathiolan-5- 
yl]pvrim(din-2-onB 

To a solution of the product from step (f) (0.30 g, 1.16 mmol) in 
pyridine (0.19 mU 0.18 g, 2.32 mmol) was added butyric anhydride 
(0.37 mU 0.36 g. 2.32 mmol) and the resulting mixture was stirred at 
ambient temperature for 2 hours. Saturated NaHC03/H20 was added 
and, after 1 hour, the mixture was extracted with EtOAc (x2) and the 
combined extracts were dried (Na2S04), concentrated in vacuo and 
flash chromatographed (EtOAc/hexanes, 1:1) to give the desired 
product (0.21 g, 55%) as a yellowish solid: mp 59-61 °C; NMR 
(CDCI3): 5 0.96 (t, J - 7.4 Hz, 3H). 1.36 (t. J = 7.1 Hz, 3H), 1.68 
(sextuplet. J = 7.4 Hz. 2H). 1.80 (br s, 1H), 2.36 (t J = 7.4 Hz, 2H), 
3.14 (dd. J = 12.3, 3.5 Hz. 1H). 3.59 (dd, J = 12.3. 5.2 Hz. 1H). 4.40 
(m. 3H). 4.59 (dd. J = 12.3. 5.2 Hz, 1H). 5.36 (dd. J = 5.2, 3.4 Hz. 1H). 
5.89 (d, J = 7.3 Hz. 1 H). 6.34 (dd. J = 5.2. 3.9 Hz, 1 H). 7.91 (d. J = 7.3 
Hz. 1H); MS m/z 329 (M = 1, 11%). 141 (100%). Anal. Calcd. for 
C,4H2oN205S: C. 51.21; H, 6.14; N, 8.53; S, 9.76. Found: C, 51.08; H. 
6.15; N. 8.39; S. 9.69. 

(h) (3R.5SU4-EthQxv-1 -f2-DfQP innvlnyvmethvn-1 .3-OXathiolan-5- 
vr[Dvrimtdin- 
2-one 

To a solution of the product from step (g) (10 mg) in 20% 
CHaCN/buffer (3.0 mU 0.05 M. pH 8.0. phosphate) is added RLE 
(pig liver esterase. 1.5 laL. Sigma) and the mixture is stirred at ambient 
temperature for 24 hours. The aqueous solution is extracted with 
hexane (x2) and the combined extracts were dried {Na2S04) and 
concentrated in vacuo to give the desired product. HPLC analysis of 
the organic phase indicates the presence of a single enantiomeric 
butyrate ester.- The enantiomeric alcohol is detect d In the aqueous 
phase. 
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(i) (2R.5SU1.f2-(h vdmyvm9thvlV1.3-Qxathiolan-5-vncvtosine 

A solution of the ester from step (h) (4 mg) in NHs/MeOH (2 mL) is 
placed in a steel t)omb with a teflon liner, sealed and heated at yo^C 
for 18 hours. Solvent is evaporated in vacuo to give the desired 
product with HPLC, NMR and MS properties identical to those of 
an authentic sannple. 

Example 3 

(2SV5R*V5-Fluoro.1-r2-(hvd rQyvmethvn-1.3-oxathiQian-5-vncvtosine 

A solution of the product from step (g) (10 mg) in NHs/MeOH (2 mL of MeOH 
saturated with NH3 gas at 0°C for 45 minutes) was placed in a steel bomb 
with a teflon liner, sealed and heated at 70*^0 for 18 hours. Solvent was 
evaporated in vacuo and acetone added to give the desired product (8.8 mg, 
99%) as a white solid: mp 195-196''C: NMR (DMSO-C/5): 5 3.10 (dd, J = 
12.0. 4.2 Hz, 1H), 3.40 (dd, J = 12.0, 5.3 Hz, 1H), 3.70 (ddd, J = 12.0, 5.5, 3.5 
Hz, 1H), 3.77 (ddd, J = 12.0. 5.5, 3.5 Hz, 1H), 5.18 (t. J = 3.5 Hz. 1H). 5.39 (t, 
J = 5.5 Hz, 1 H), 6.1 1 (m, 1 H), 7.56 {br s, 1 H), 7.80 (br s, 1 H), 8.1 7 (d, J = 7.4 
Hz, 1H): MS m/z 248 (M + 1, 34%), 130 (100%). Anal. Calcd. for 
C8H10FN3O3S: C. 38.86; H. 4.08; N, 17.00; S, 12.97. Found: C, 38.97; H, 
4.05; N, 16.96; S, 12.95. 

Example 4 

(2S*.5Rn-1 -(2-fhvdroxvme thvlV1 .S-oxathiolan-S-vllcvtosine 

A solution of (2S*, 5R*)-4-ethoxy-1-[2-{hydroxymethyl)-1,3-oxathiolan-5- 
yl]pyrimidin-2-one (0.21 g) In ammonia/methanol (8 mL of methanol saturated 
with ammonia gas at O^C for 45 minutes) was placed in a steel bomb with a 
teflon liner, sealed and heated at 70°C for 18 hours. Solvent was evaporated 
in vacuo and the residue subjected to flash chromatography to give the 
desired product (0.16g, 89%) as a white solid: mp 184-1 85*C; 'H NMR 
(DMSO-*): 5 3.00 (dd, J = 11.8. 5.0 Hz. 1H), 3.38 (dd. J = 11.8, 5.5 Hz, 1H). 
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3.63-3.80 (m, 2H), 5.1 5 (t. J = 4.5 Hz, 1 H), 5.30 (t. J=6.0 Hz. 1 H), 5.70 (d, J = 
7.3 Hz, 1H); 6.18 (t, J=5.0 Hz. 1H). 7.20 (brd, 2H, NHa). 7.79 (d, J=7,3 Hz, 
1 H); MS m/5r 229.8 (M + 1 , 4%). 112 (100%). Anal. Calcd. for CsHi i N3O3S: 
C, 41.91; H, 4.84; N, 18.33; S, 13.99. Found: C. 41.97; H, 4.83; N, 18.24; S, 
13.93 
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CLAIMS 

1 . A process for the preparation of compounds of formula (I) 




(1) 



wherein R is hydrogen, C^-e alkyi, or halogen and Y Is hydroxy, 
amino, Ci.e atkoxy or 0R\ where is a chiral auxiliary; 

which process comprises treating a compound of formula (II) 



Y 




01) 



wherein R and Y are as hereinbefore defined and R^ represents 
hydrogen, Ci-6acyl, Ci^alkyl or halogen with a suitable Lewis acid or a 
reagent apt to convert the group OR^to a leaving group. 



2. A process for the preparation of a compound of formula (la) 
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R 



(la) 



3. 



4. 



wherein R is hydrogen, Ci^alkyl,or halogen, and Y is hydroxy, amino, 
C-i-e alkoxy or 0H\ where is a chiral auxiliary, which process 
comprises treating a compound of formula (ila) 



wherein R, Y and R^ are as previously defined with a suitable Lewis 
acid or a reagent apt to convert the group OR^to a leaving group. 

A process according to Claim 1 or Claim 2 wherein the Lewis acid is 
stannic chloride or trimethylsilyl triflate. 

A process according to Claim 3 wherein the Lewis acid is stannic 
chloride and the treatment is carried out at reduced temperature in a 
polar aprotic solvent. 



Y 




(lla) 



5. 



A process according to any of Claims 1 to 4 wherein the compound of 
formula (II) is prepared by reacting a compound of formula (III) 
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Y 




(III) 



wherein R is hydrogen, C^-g alkyi, or halogen, and Y is hydroxy, 
amino, C^.e alkoxy, or OR^ where R^ Is a chiral auxiliary, with 1,4- 
dithiane-2,5-diol and, if necessary or desired, derivatisation. 

6. A process according to Claim 5 wherein the reaction with 1 ,4-dithiane- 
2,5-dioi is carried out at elevated temperature in a non-polar aprotic 
solvent. 

7. A process according to Claim 6 wherein the reaction with 1 ,4-dithiane- 
2,5-diol is carried out at about 100°C in anhydrous toluene. 

8. A method for obtaining a compound of formula (ila) wherein R is H and 

Y is OR' from a mixture of isomers by treatment of the mixture of 
isomers, at least partially in solution, v^th an agent capable of effecting 
interconversion of the Isomers without complete suppression of the 
crystallisation of the desired single enantiomer (Ila) wherein R is H and 

Y is 0R\ 

9. A compound of formula (IV) 



Y 




OR 



wherein R (which may be the same or different) Is hydrogen, C1.5 
alkyI, or halogen, and Y is hydroxy, amino, C^.g alkoxy,or OR' where 
R' is a chiral auxiliary, which compound is selected from 2-(2,2- 
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dimethoxyethoxy)-4-ethoxy-5-fluoropyrimidine 
dimethoxyethoxy)-4-6thoxy-5-pyrimtdine. 



and 



2-(2.2- 



1 0. A cxjmpound of formula (III) 



Y 



OHC* 




(IIIJ 



as defined in Claim 5, which compound is selected from 2-((4-ethoxy- 
5-fluoro-2-pyrimidinyl)oxy]acetaldehyde and 2-l(4-ethoxy-2- 
pyrlmidinyl)oxylacetaldehyde. 

11. A compound of formula (II) 



as defined in Claim 1 , which compound is selected from 2-{[(4-ethoxy- 
5-fluoro-2-pyrimidinyl)oxy]methyl}-1,3-oxathiolan-5-ol and 2-{[(4- 
ethoxy-2-pynmidinyl)- oxy) methyl)-1.3-oxathiolan-5-ol. 2-{[(4-ethoxy-5- 
fluoro-2-pyrimidinyl)oxy]methyl)-1,3-oxathiolan-5-yl acetate and 2-{[(4- 
ethoxy-2-pyrimidinyi)oxy]methyl}-1 .3-oxathiotan-5-yi acetate. 



Y 




s 



00 



wo 96/30369 



25 



PCr/EP96/01353 



1 2. A compound of formula (Ila) 



Y 




(Ila) 



wherein R represents hydrogen, Ci^Ikyl or halogen, represents 
hydrogen, Ci^acyl, Ci^alkyl or halogen and Y represents OR^ wherein R' 
represents {d)-menthyl, (l)-menthyl, {d)-8-phenylmenthyI, (l)-8-phenylmenthyl, 
(+)-norephedrine or (-)-norephedrine. 

13. A compound as claimed in Claim 12 wherein R^ represents {l)-menthyl. 

14. A compound of formula (I) 



Y 




ti) 



as defined in Claim 1, which compound is selected from {2S*, 5R*)-4- 
ethoxy-5-fluoro-1-[2-(hydroxymethyl)-1,3-oxathiolan-5-yl]pyrimidin-2- 
one and (2S*, 5R>4-ethoxy-1-[2-(hydroxym8thy!)-1,3-oxathiolan-5- 
yl]pyrimidin-2-one. 
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1 5. A compound of formula (VIII) 



Y 




(vnn 



wherein R (which may be the same or different) is hydrogen, Cv6 
alkyi, or halogen, X is S. and Y is hydroxy, amino, or C^e alkoxy. 
which compound is selected from (2S% 5R*)-4-ethoxy-5-fluoro-1-[2- 
propionyloxymethyl)-1,3-oxathiolan-5-yl]pyrimldln-2-one and 
(2S*, 5R*)-4-ethoxy-1-[2-(propionyloxy-methyl)-1 ,3-oxathlolan-5- 
yl]pyrimidin-2-one. 

16. A compound of formula (IX) 



Y 




tlx; 



wherein R is hydrogen, C-i-s aikyl, or halogen and Y is hydroxy, 
amino, or C^e alkoxy, which compound is selected Irom (2S, 5R)-4- 
ethoxy-5-fluoro-1-I2-(hydroxymethyl)-1,3-oxathiolan-5-yl]pyrimidin-2- 
cne and (2S, 5R)-4-ethoxy-1 -[2-(hydroxymethyl)-1 .3-oxathiolan-5- 
yl]pyrimidin-2-one. 
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17. A compound of formula (X) 



Y 




tX) 



wherein R (which may be the same or different) is hydrogen, Ci.e 
alkyi, or halogen and Y is hydroxy, amiho, or C-i-g alkoxy, which 
compound is selected from (2R, 6S)-4-ethoxy-5-fluo^o-1-|2- 
(proplonyloxymethyl)-1,3-oxathiolan-5-yl]pyrimidin-2-one and {2R, 5S)- 
4-ethoxy-1-[2-(propionyloxymethyl)-1,3-oxathlGlan-5-yl]pyrimidin-2- 
one. 
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